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Executive Summary

1. Introduction

The Eastern Economic Corridor (EEC) was established to increase the spatial
capacity for investment and development of economic activities of Thailand. This project
covers pilot areas in three provinces which are Chachoengsao, Chonburi and Rayons.
Nevertheless, these areas have been facing water scarcity for agriculture and industries,
which leads to uncertainty in investment.

Currently, water diversion from Chanthaburi and Trat provinces has been
employed to relieve such problems. The diverted water is planned to convey through
pipelines which requires a large investment and lack of long-term sustainability. In order
to achieve sustainability in solving the water scarcity problem in this EEC areas,
the treatment and reuse of wastewater is considered as an effective solution. The
research project is divided into 2 parts as follows:

Part 1: The community-based water treatment systems was developed and the
treated and recycled wastewater was reused in agriculture. For this project, we focused
on the modern agriculture which can control and adjust the water quantity, such as
hydroponics and smart farms, etc.

The wastewater from community was treated with appropriate and low-cost
process. The treated water contained plant nutrients which could be effectively used
for agriculture. The plant models used in this project were high-value ornamental and air
purifying plants (PM2.5) which have high market expansion potential in the near future.

The projected area of Part 1 was located in Burapha University, which could be
further developed as a learning and technology transfer center for water treatment,
usage of treated water in agriculture and agro-industry. Moreover, this center also aims to
cultivate agricultural entrepreneurs for bio-economy circular economy and green
economy (Bio-Circular Green Economy), which consists of bio economy (high value

crops), circular economy (recycling of used water) and green economy (reducing the
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dumping of minerals into water resources and breeding plants used for remediation
of pollutants from air and water).

This research project is an integration of research cooperation and technology
transfer between the educational institute (Burapha University), sovernment agency (a unit
under the Ministry Agriculture and Cooperatives and local administrative organizations),
private sector entities (Thai Eastern Industrial Land Co., Ltd.) and communities (community
enterprises, farmer association community and the farmers council) in the EEC areas. This
project enable the development of technology and innovation in the reuse of wastewater
in mart agricultures which suitable for each target group. Furthermore, information
regarding the water management and smart farming were collected and would be
propagated in the future.

Burapha University was a host of this project which cooperated with the
Agricultural Technology and Innovation Center in Chonburi, Rayong and Chachoengsao
provinces including local government organizations to develop pilot areas for sustainable
water use. The areas included green university, smart city, precision agriculture, and
innovation driven entrepreneur in the bio-agricultural industry which would support the
employee's growth, investment and the development of economic activities in the EEC
areas.

Part 2: Our researcher team installed Moving Bed Biofilm Reactor ( MBBR)
biological wastewater treatment systems at " Pibulbamphen" demonstration school,
Burapha University (small system) and at the Sansuk North water quality improvement
plant (pilot system). This system is commonly used in many countries, since it could
reduce wastewater treatment costs with high potential of wastewater treatment system.

The MBBR system used in this project has a medium in the aeration reaction tank
for fixing bacteria on the media surface as a biofilm layer. The system has both
suspended bacteria and bacterial biofilms, resulting in higher bacteria content with less
installation space. As a result, it could support high loads of organic compounds with

less hydraulic retention periods.



Therefore, the MBBR system can be effectively used to treat community
wastewater and the treated water could be recycled. The treated water met the
acceptance criteria according to effluent standards which could be reused in Part 1 of
the research project on agriculture and agro-industry. This MBBR system is flexible and it
could be modified to become an Integrated Fixed Film Activated Sludge (IFAS), which is
also a highly efficient wastewater treatment system.

The research team operated the MBBR wastewater treatment system in the area
of Saensuk Town Municipality Chonburi, along with the former wastewater treatment
system at the community wastewater treatment of Saensuk Sub-district. The system has
been run under the cooperation of the Saensuk Town Municipality, Wastewater
Management Authority and Burapha University. The wastewater obtained from the
community was used to test the system. It was found that the MBBR system could be
operated with high efficiency and stability and the treated wastewater can be recycled.
In addition, our research team has transfer MBBR wastewater treatment technology to

industrial enterprises and local government organizations.

2. Objective

1. To study and develop modern saving water and water recycling technology

2. To develop a prototype system using modern wastewater treatment
technologies and the reuse of treated wastewater suitable for the development of the
EEC areas

3. To develop personnel to transfer knowledge on technology and innovation
of community wastewater treatment using MBBR system and the reuse of treated
wastewater to support demand management for related groups such as entrepreneurs,
farmers' groups, and general interested parties, etc.

4.  To disseminate water saving and water reuse information and technology

through various channels
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3. Operating procedure

1. To install and improve the smart farm system and MBBR wastewater
treatment system for research projects

2. To study the optimal wastewater treatment methods suitable for reuse in
agricultural purposes

3. To install automation smart farming and a small wastewater treatment
system for agriculture purposes

4. To improve the hydroponics system and planting ornamental plants

5. To survey for topics of interest for training dissemination plan

6.  To run the system and collect quantity and water quality data in wastewater
treatment system and application in agricultural purposes

7. To cultivate and breed ornamental plants using treated wastewater, and to
collect data relating to their growth, water consumption, deterioration of nutrients, water
quality and cost estimation for each plant

8.  To analyze the return and economic cost of using treated wastewater in
each ornamental planting which will be used in technology transfer management

9.  To organize workshops for developing skills and supporting the technology
transfer process.

10.  To organize training courses for transferring technology to entrepreneurs,

farmers' groups and the general public
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4. Summary of study results

1. The Moving Bed Biofilm Reactor (MBBR) wastewater treatment system, which
was a pilot system, have moved from the " Pibulbamphen" Demonstration School
Burapha University to install at the Sansuk North water quality improvement plant (Khao
Lam Road), Chonburi province. The MBBR system was modified in accordance with the
quantity and characteristics of community wastewater as well as improving the water
pumping system, sand filtering system, disinfection system, etc. In addition, the control
system has also been modified to ensure that organic matters could be completely
removed from the community wastewater. Also, ammonia nitrogen could be converted
to nitrate compounds, a suitable form of nitrogen for growing plants, with phosphorus
remain in treated wastewater. As a result, the treated wastewater would have suitable
properties for the use in agriculture. Furthermore, a small-sized and low-cost MBBR
system has also been develop for wastewater treatment in household. The treated
water also have properties that could be use in agriculture.

2. An optimum method of wastewater treatment for reuse in agricultural sector
should be capable of removing organic matters and converting ammonia nitrogen to
nitrate compounds. The Moving Bed Biofilm Reactor (MBBR) wastewater treatment
system can be utilized for wastewater treatment, and the treated wastewater could be
reused for agriculture in the EEC areas. The economic return and cost-effectiveness of
using treated wastewater for planting flowers and ornamental planting was analyzed. It
was found that the cost for planting 6,400 monstera trees in a greenhouse of 1 ngan was
187,176 baht. If the monsters would be sold at 100 baht per each, the total earned
income was 640,000 baht with profit of 452,824 baht per ngan per 6 months or 905,648
per ngan per year. For 1,600 marigolds planting in greenhouse per area of 1 ngan, it
costed 76,784 baht. If marigolds would be sold at 2 baht/each, the total income would
be 256,000 baht with benefit of 179,216 baht per ngan per 4 months or 537,648 baht per
ngan per year. In this greenhouse, a small wastewater treatment system was employed.
The quantity of wastewater was 1.2 cubic meters per day (36 cubic meters per month),
with electricity cost of 24.5 baht per cubic meter. For the MBBR wastewater treatment

system located at the Sansuk Water Quality Improvement Plant (North), the quantity of
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treated wastewater was 50 cubic meters per day (1,500 cubic meters per month) with

electricity cost at 6.5 baht per cubic meter.

3. Workshops were organized for academic staffs, engineers, staffs of local
administrative organizations and agricultural sector officials. There are collaborations with
government sectors such as the National Science and Technology Development Agency
(NSTDA), the Cooperation Sub-committee between the Ministry of Agriculture and
Cooperatives and the Federation of Thai Industries, Farmers Council of Chonburi
Province, Model community learning centers, schools in local area, etc. There are
collaborations with the private sector such as Thai Eastern Group Co., Ltd., as well as

farmers and general public.

4. Technology transfer of treated wastewater usage in agriculture purposes and
wastewater treatment system were organized for entrepreneurs, farmers and general

public witch were more than 60 people.

5. Recommendations

1. Trainees from agriculture sector, community enterprise or industrial sector may
concern about costs for investment, maintenance and operation. However, there was
less concern about quality of treated wastewater, since they planned to use treated

wastewater in traditional farming (soil planting).

2. In the case of construction of wastewater collection system for community or
community enterprise in order to obtain sufficient of wastewater, the system need

appropriate manage and maintenance for its stability.

3. For the agricultural sector, effects of changing environmental problems both floods
and droughts, the government has relied on various methods to solve the problem
which the results are not sustainable, such as insurance prices of agricultural products
agricultural loan management and irrigation water management, etc. The appropriate
method is that farmers have to adapt to the problems that arise, for example, using less
water for farming, change in plant species or changing farming methods, for example.
The government needs to have concrete activities to promote these changes and
marketing because of activities that must be done in relation to the knowledge, abilities,

skills and agricultural tools including cultivation methods that farmers have and have
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done in the past, pest diseases that occur in the area, the cost of production, the
number of outputs. The solid driving force that will actually promote change is prices of
agricultural products. Therefore, the actions are to understand and convince farmers
about the problem of water scarcity in the future and campaigning for farmers to reduce
the use of water for farming, it's too challenge to do. Thus, there is still no clear result in

the overall picture.
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Abstract
Project Code : 464042-ODU08

Project Name :  Technology transfer and incubation program for bio- and agro-industry

entrepreneurs in recirculation usage of domestic wastewater treatment

Researcher name :
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Keyword : Air-purifying Ornamental Plants, Hydroponics, Effluent, Agricultural
Entrepreneur, Smart Farming, Hybrid Wastewater Treatment System, Biofilm, Suspended-

growth Bacteria, Activated Sludge

Wastewater engineering overs all the technologies associated with wastewater,
including treatment/recycle and reuse of wastewater for agricultural purposes.
Community wastewater has been considered as a potential source of wastewater with
high nitrogen and phosphorus which could be used for economic crop cultivation. As a
result, there would be less consumption of natural resources for chemical fertilizers
manufacturing, especially phosphorus nutrients which could not be re-synthesized. The
recycling of these nutrients from wastewater is therefore an interesting issue. Especially
now that chemical fertilizer prices has been rising much higher due to the crisis between
Russia and Ukraine. For examples, urea fertilizer 46-0-0 formula price in 2021 and 2022
were 700 and 1,550 - 1,600 baht per sack, respectively. In addition, the recycle of
treated wastewater would help reduce water consumption during water scarcity

situations. The treated wastewater that meets the effluent standards could be reused in
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several applications, such as cultivation of flowering-plant, ornamental plant, hydroponic
and aeroponic planting systems, etc. This concept in accordance with the development
of bio-economy (Bio-economy), Circular Economy, Green Economy (BCG). This project
has organized technology transfer workshops related to the reuse of treated wastewater
for agricultural purposes, including smart farm for agriculture sector community
enterprise or industrial sector (more than 60 people).

The economic return and cost-effectiveness of using treated wastewater for
ornamental planting was analyzed. It was found that the cost for planting 6,400
monstera trees in a greenhouse of 1 ngan was 187,176 baht. If the monsters would be
sold at 100 baht per each, the total earned income was 640,000 baht with profit of
452,824 baht per ngan per 6 months or 905,648 per ngan per year. For 1,600 marigolds
planting in greenhouse per area of 1 ngan, it costed 76,784 baht. If marigolds would be
sold at 2 baht/each, the total income would be 256,000 baht with benefit of 179,216
baht per ngan per 4 months or 537,648 baht per ngan per year. In this greenhouse, a
small wastewater treatment system was employed. The quantity of wastewater was 1.2
cubic meters per day (36 cubic meters per month), with electricity cost of 24.5 baht per
cubic meter. For the MBBR wastewater treatment system located at the Sansuk Water
Quality Improvement Plant (North), the quantity of treated wastewater was 50 cubic
meters per day (1,500 cubic meters per month) with electricity cost at 6.5 baht per cubic

meter.

XiX



GUEIVY

win

Mevennridonaziifetos
AN i
AnAnIsuUsENA i
unasudmIuguImg i
Executive Summary iX
UNARED Xvi
Abstract XVii
a15U%y XX
a13UN N xxiii
GEPAVZ PN XXV
unit 1 umih 1-1
1.1 NANNTUALIVRHA 1-1
1.2 wurAaazidinung 1-3
13 ingUszasa 1-12
1.4 VOULYALATINTT 1-12
15 sufouitidonazdunounsiniuny 1-13
1.6 nafiaaiagldsy 1-14
1.7 aedUsEnoUTRIT At uaLyTal 1-14
il 2 WauFudgessuudumanensuasnisditntide 2-1
2.1 WAILIUTUUTITEUUAMUNITINEAT 2-1
2.1.1 maUsulsuazsadnsyuuliin 2-1
212 msdnrindensasia 2-1
213 msvedeuUdnfsszuUThanLEy 2-2
2.1.4 msfndeszuudumedinvesassnas 2-2
215 msindeulasasnnisldaussuu HandySense 2-2
2.1.6 MSAARITEUVUTOS 2-3

2.1.7 m3vFulssssuunuvsenatunsaamgilulsuseu 2-3

- XX -



2.2

una 3

3.1

3.2

unil 4
4.1
4.2

GUEIVY

218 Fndeszuuianannizane lufu

2.1.9 msusuusaszuudanlalasiviingd

2.1.10 MSEISIANNWATNT

msfnsauazUiulssszuutoatide

221  Fasdwaihdedmsunsiddiaiteniluniansinens
222  mamsAnwEMsITadsdmsunsldifadonulune

ASLNWYRNT

NaN1IAL e

HANIANTUNUAINTTUAIUNITNYAT

3.1.1  myanliivseiu 01 weuawesh waag way eulea lussuulalas
Tufinduuutinan

312 maanliivsedu 0 weuawes wisugisaulu warilawmunsou Tu
syuulalaslulinduuu Nutrient Film Technique (NFT)

313 msUgnandedluszuulalasiuinduuuiihdn

314 nsUgnquanuluszuulelasTinduuuihan

3.1.5  msUgnitadntuszuulalasludind

316 maUgndnlussuulelasTuiindudannbn

3.1.7  msvgnuzsiemaluszuulalasiudind

3.1.8  wamsauiuay

namssdunudussuut Rt Ae

3.2.1 m'iaﬂﬁy’aLLazU%’UU'gﬁzUUﬂwﬂ’ﬂﬁmﬁaLL‘UU MBBR dv3ulAsensidy

322  fAnwidEmsthtetidedmiunsliifadionuluamamainees uas
nsinduunlglu

323 mafuszuy udoya Usinauasauami dusindhssuuiie

wazn1sin llmiensnYn S
unasuuazdatauauuz
unasy

Uselevimuingussasd

- xxi -

win
2-4
2-5
2-6
2-7
2-11
2-12

3-1
3-1
3-1

3-2

3-3
3-5
3-5
3-7
3-8
3-9
3-32
3-32
3-37

3-38

4-1

4-1
4-1



4.3
4.4

YDLAUDLUY

Jaymuazguassa

U3TadIYnsd

GUEITY

- xXXii -

L4

nuI
4-2
4-2

5-1



ﬂ']W‘f’i
1.2-1
1.2-2

1.2-3
1.2-4

1.2-5

1.2-6

1.2-7

1.2-8
2.1.1-1
2.1.2-1
2.1.3-1
2.1.5-1
2.1.6-1
2.1.7-1
2.1.8-1
2.1.9-1
2.1.9-2
2.1.9-3

2.1.10-1

2.1.10-2
2.1.10-3

A150RN N

Joyaaniunisalinluiminvausuazseees (Ussuudssna, 2563)

seuulgnlalasiuiinduuunnisulagsiniuu (Deep Flow Technique;

DFT) (Maldonada et al., 2019)

ssuuignlelasluiinddvnsesiuu DFT (Maldonada et al., 2019)

megulifussaunenameanasaiulaluszuulalasiuing laun wgea

(Vue) tasegiseuly (Uunans) wasuianigau (uuwn) Nugnaielu

91A15 (d719918) warA1BUBNIANT (A19137)
egliiuseausaas i duteuanesing (F1e) Aungages
(nan9) warliseduaaiindue) (19)
anlifuseRuimi e iaciien
(https://www.facebook.com/ThelLuxuryProjects/)
sruuthtintde MBBR sULULA19q iilansfdaansduniduazsy
a1mslulasiau

sruutiaiide MBBR fifimsUszgndsiufussun IFAS
nsUsuUgIuazRaiuszuulni

nshnRindoasasda

sEUUsTUIEANILEULUUWaLTES

(%
a o

AnsauUatandnnislgeuszuu HandySense
Anssulasansansldrussuuisuees
nsUSulgeszuuniuntenauanmgilulsuseu
AasaszuuTamanizeieg Tufiu

yaugniyuiia Nutrient Film Technique %38 NFT
ynUanivviin Deep Flow Technique %38 DFT

9 Y

pUnsaimuenintuthadluszuulelasTuiind
MsdsInNERINSFUNLAUE Ui MU sy AvE A WA SHARGUM
NEAT

M 3TN TNYU VLAY IA AN YLV

° = <
nsETAnERTNINaula LazinunsnsusalIes

- xXiii -

gl
1-4
1-7

1-7
1-9

1-9

1-10

1-11

1-12
2-1
2-1
2-2
2-3
2-3
2-4
2-5
2-5
2-5
2-6
2-6

2-7
2-7



HWWﬁ
2.2-1
2.2-2

2.2-3
2.2-4
2.2.1-1
2.2.1-2
22.2-1
3.2.1-1
3.2.1-2
3.2.1-3
3.2.14
3.2.1-5

3.2.1-6

3.2.2-1

#1508 (D)

seutnUaundewuy MBBR o LssuSuugenaunminuauge (wile)
wHuNMuansszuUUIURUILEIUU MBBR o TsauSuugenanminuauae
(Wiil)
[ v a I~
nsUsuLNIRRULUA
NSANFIATINTINTDIVELLRNAUNG N ELNTIVRanHaudey
o gaj = < a a «a
wHUNMYBIsTUUUIUA LS MBBR uawdn o LsaiSeuansn “iiya
ﬂ%ﬁﬁy” wﬁwmé’agiww
o %7’ = @ a a «a
WU MYeIszUUUIUnLEe MBBR vunian i lsaseuanse “iya
Uiy i Inendeysmn
A a a N Y Aa o o o o6 a a
wUATS e nERnuLRIfIna1eUluRRaaslussuuUIUnYEL #8959 MBBR
srutidniideuiuy MBBR o TseuSuugenanmuiiaua (wile)
WA MBERITEUUUIUAUILELUU MBBR o 159USuUgenanIninuauge
(Wiil)
msUsuuigafiudu Guide Rail
NSARAIALINTINTDIVELL LU InELNTIVRanHauidey
o 901 = @ a a «a
wHUNMYBIszUUUITRULEe MBBR vunian i 1saseuanse “iya
Uiy W Inendeysmn
o @ 961 = < a a wa o < 9
sruuUmidgvuadniuu MBBR i lsaiSeuansa “Ryatniiay
UNNINYIRYYTIN

Aa A a a o P Aa o o & o a a
LUATILSETLNNZAAUURIFINAAUTUNRRRIlLTz UL UL L E8959 MBBR

- XXV -

2-8
2-9

2-10

2-10

2-11

2-12

2-13

3-32

3-33

3-34

3-35

3-36

3-36

3-38



Gl'li']\i‘lc"ll
3.1-1
3.1-2

3.2.3-1

3.2.3-2

3.2.3-3

3.2.3-4

A1505YA1319

fuuNTUgNUBUAIADI

AUYUNNTUGNANILTRY

nadnyuzidefidgssuutiidatids MBBR w TssUiuuzsnanin
WUy (wile) 2.98Y3 seninufeuliunnu-Iquieu w.a. 2565
AadnyuzfsTiusruUT1Tathid MBBR w TssUSuuananIw

waugy (wile) 2,983 seninudeuliunau-Iquieu w.a. 2565

AN vz deTingssuuiUauds MBBR 91809 ol 15a5euanse

Y
o (3

“Puatniiey” ImInendeysnseninuieuiiuau-Iguigy w.e. 2565

[V
o a A 1 o

LY LY goj =] o I} a
AUANBEUSUIVINNNTUTSUUUIUA UL MBBR 91899 & 15958ua5e

o (]

“fyatuiiey” uvnInerdgysniseninufeuiiuiau-iguigy w.ea. 2565

o

- XXV -

gl
3-10
3-13
3-39
3-39

3-40

3-41



1.1 “ANNITUASWIANE
nsinuasatelndidusuimidlunisenseausiglavesnunsnslusuias asannnineins

wseukazihgadudatendnlunisadanianisinensuiinullduanas Inganisluuawmunies

AangTueen (EEC) Fauszaulymnsuinkaautssnukasil (vayiuagssea) nesuiunisgna,
Yo NANAINaINARNEAN1IN1TINERTANAT (R2TUNT1) ATU NTZUIUNITIUNSHAININTINYAT
adelninldmaluladifioanussuuysduazaivaunisldilifnuseyselovigegadaduwuimig
= 9 oA & A v
nislunsiauUsemealngag 19838y 3NN1TAINUNANYIAIINABINITVINIAGAFINNTINYAS

wazkUssuamstulaimuiiauaianziueannudl ninensiiluwaiuifieeaianziuseni

%
a

uudiauazliifisanedaniudenisveiningnaInnssy luasAfuiluwaimuiiiaynie

[ 1%
o w

e upantiluiuinyhnisinensndedddusunaings wu niseu Undudidu waz eanis udu

danaliinUgynin15ugaBaninegn s iuseninenIngnaImnssuLaEAIANISINGYAT ALY LWINA

(% '
o a 1

#9luN15USNISINNISUNR819898U A N15UIUNTANIUNSITIURAINITIT AL YINA UL Tvd T

Tunmegaamnssulatinsimuimalulagananlulussduniuds Tuvasnaianisinunsuas gy

1% ' (% 1% '
=] oA Y [

geldlafinnsfaunnalulagiwinneis dsdunisiauinisiiuifdiunisiidaanyueuunls

¥
o o

Usglevilunanisinunsiaduwuamanisiinzdiedanisninensgr ndegog1931dnlulanimu
fAyn1angTueanlaeg19didu Frzdigiiudnen1mnisndntaswl s3URANEANI9NITINEATVDS

AusEnaunsinueslunguanamnssinunsthinnluwaiauiiynians fueenlalusuian

[ 1%

wananil A unsiITatTuazaennfestuAun i Ldsnour1un1sUUn
A a A a N ol v S A o & o 1 a A b '
naIfe a158unsduavarsedunidnanasluiifiiunisindatu Sauddnasiivsuinadesuaslyl

dararian1siasyiulnvasiivudluguuesvesuslanssdn i iwnugniugaduansiudilunie @

I a J ! = = PN [ a £ ! =
WUAIUATILAUNNEIY LWi’]Si%‘U‘UiWﬂSZJ@QWGUﬂgllﬂ’ﬁﬂi@ﬂLQW’]%ﬁﬂi‘lﬂlMLUUW‘U?J‘IJl‘UEjEJE]@ NAORN

Taeniudmiulaneninuissianivusazvlingadulaldvindu dwunisidensliiaisnugndes

Y

v
v v S| 6 1 ]

wirauiuaaaMunNdun1sUItae venanisinermisnatsviiaiilulselevise v
ansanuldlutddsieunistide Auiusdsausadenseaunisiidainlaenndesiuamnmn

[%
o 1

neumsUdalazyilnvesianugniveanalddtenunssny mslidduasdes nslindanu uag

1-1



¥
o A 1 o

szeznaildlunistidaindneme eglstianuiivivunzanlunisugniegldifiiunsiiindadu
Hvlunquldvuseau iszliladmadianisuslnavesuyedlaunss Inefiglunguinduwilduaiy

doanrsuntuluewirnfe Wiuszduneneinianaiuisagaduduiidy 2.5 Faududgynimdnves

o¥

a

Usemelng wagnssaldindanudeinisunnlulagiu Inefiwnsaessainmilansaugnlalaenis
Ifiieegufemslussuulalasiyinduazssuunalslniing fadu n1siauissuunisugnlyd
Usgiunenaniauasliiin lngldsyuulsaioudanievuazsvuuindnindesuvuy Jadumadennia

Tun1suityminisviawaauil wagaiunsaasigaainnssuinenstininlndlungulivssauuasly

(%
o

UTeziinnudeinIsuntueuan uenantidelvgusznounmsinunsaanislinsnensuyue

'
= = =

nine N agldnunliiinUselevigaiian FamauauaranIsimuILATYERaTININ LA TYgNaa

q

a

Weo kaglATwgnanyuIey (Bio-Circular-Green Economy : BCG Model) kaz@11150818vMan

q

(%

walulagnisldiriiiunisirdasiudumealuladinynssaases iunianNEaT AAYUIY LAy
nMegeannssy lunisimudesenduiuszneunsineasadelndluwaimunfieenianzfusen

sald

v
o a

Jagdu unudmnssuuidsiinisiiwuimnufaagiidndedunaduanlela (Reuse) Tu
a | = = a T v Y o ¢ 1 a
Aanssuene v3en1suyuieu (Recycle) uafiwludndeunldiluninginsniiuselovddenanssy
! & 1 o o Y o Y & + = 14
199 WINTU LU N15Ue1ee s lulasukasneanssaluundeuldiludeialdlusnusiiu
2 v s a 2 P8 A A ' 4 A o A
nenInssd Wuiu dndeyuvuiduirawindednunamianiismemsiulasaunazioansdan

anusahunldlunisinzUgniiamaasugiald demaliaanislansnenssssumfundndudewnd

1 1 o v

lngianizsnemsneanedanliauisadunsisnduinlnilauasziiogog1adninlusssueid s

U

[ V]
o a a

wyuRsuesnemsmadanindsunldlnddadulssnunuraulaluvusd uenaniu Ui
1 o w Y & o [ ¥ MY & a a g 14
Hrun1sUrdakanansnsaiinduanldusslevillndle Aanunsaandymingivesnisuiawaauiile
A Y] & o Y v o v o a Y] ' A o =
Wiy nUszinuiina ity ssuuiitadndglulagdulunguussmaniauiuaidady
NsHaNKAINSERIINsUTRTLds e sathnduinldlduasnsuyuisunSwensnauanly
Tl Tngszuutntaundenlasuanuaulaegrawnnludislsene widdlieuldlulssnelny Ao

38 UUUNUAULEBILUY Moving Bed Biofilm Reactor (MBBR) Laz5¥UU Integrated Fixed Film

v v
LY o =

Activated Sludge (IFAS) is1zanunsaunUaundeaulanmunmanuuinsgiuinianegladedninemien

(% '

161 ws1esyuy MBBR uag IFAS fsmnandnaegludeufisonieliuaiisegnasseguuiamngis

nanetdutdululeWdy denaliusununuaiiseveeszuuiunnau Inessuu MBBR Lay IFAS fvia

1%
LY

wUATISELUUBYIUaRkaz Ul aNYinausudulussuy Ingssuu MBBR fauansinsa Ty

=b.

1-2



1% '
aa

tfoy fuRfTunzd LN T95UN1TEUTTYNA15BUNTE (Organic Loading Rates) 1109 16
28I MNUANYNYaAan3s (Hydraulic Retention Time, HRT) Hoe9 ag1lsfiniu seuu MBBR &
fordesunsiudemdnuunnidenniniufedinafvermeanasaailelioondiauuarly
fhanansuviuassoglufsufiiteld drussuu IFAS tuideunnsreiuszuu MBBR nssilszun IFAS &
nsnyURsuNINAzNaunauNgilAseAneInIAIIndennaznou i lissuuivsunauuanise

Y

UELNNKYINABYEINIITEUY MBBR ansamivausyuuliaegadainuiiivunls aaeiiseuy

v
v A A =

MBBR 1y iilgeiuaiilseivianasneanaINKIRINA1WIUL SeUU MBBR wag IFAS dugniunldly

n13UdndAg 01U NI NN eMTNATBUNIIUALEINDIMITNINFYININ LNTI¥TEUUN A0l

v vy [
o

UsgAnsangs Aatiu mﬂmmsaﬁﬁsuUﬁqaaﬂmﬂwﬁ’muﬁmﬁaﬂﬁ@zumwﬁmmmmgmﬁﬁﬁa
% I o ’oj [y} vy & gol % ) v
waglamaunasinisthuinaunlgdludle Aaunsaandayninisviateauiile waguinauisaunvn
UIdgauaINNTfueIsmeImisiulasinusazneanesaoenainiddsumyuisuldusslesy 1wy
nswngdgniiy laeaniznisugnintussuulsaseunilunuulalasluiing Nazaiunsaannisld

N3NINTETIUIAL Fadenndesivuleuiersygiawuunyuisulanuuleusvessyle

12 wulAauazdmang

Huiinswlneiluh anumsaiiflumanefusenidadrdaniizanaueauthagsdaion
LLﬁ%ﬁﬂ?ﬂMEHLLNN’]ﬂ%ﬂ@ﬁﬂﬁﬂﬁu Frguldnnmenuinanumsaiiidietuil 7 NUAIWUS WA,
2563 (Uszv19195309, 2563) finu U'%mmﬁwﬁi%mslmuéwLﬁuﬁwmm Wideagagun Fan i
1 Falslifissnerennudesnsliinveiniany Yusen Aimnudesnislidiivingy 4,167 a1UgNUIAA
wnsiel lnetaninfiogluaimufiemsniansfuoon (EEC) Sanudesnislitigeds 2,419 &1y
anuAfinsied Andudesar 58.1 Anudosnslithanivgduegfimanunanssuuaysesasney
Tunegramnssy Seidndiusenas 74 uazdosay 17 muddu vesUiinaeudesnsldiiomun
sl lheafalymnisudaihssniniainumsnssuuagniagranssuiueg oty
owam vl elifunufsanudesnslithdmiunsgulna-uilnavessermuluiiuiitndae 8n
fapnuguusweingiuauaauinsinntudndaeidosinmaudsunuasgionnialan (Climate
Change)

91nuleU180901AFIUNITTUARBULATEEAIVBIUTEINAIMEIINTLUULATUFAIUUULAUR ST

(Linear Economy) tuszuuimsugiawuunyuidey (Circular Economy) Mi1lAiina1ugaiuns

1-3



ausNENNeINTeTTNYIARAsAmInae anUSunavendeiintu watldninenslinusslowd

(%
o w a tY

asan nisUrUmidetuniiunumddglunistufowassgiawuunyudeuldgudiendu nenis

1%
) =)

yaiunisdinduunldlva (Reuse) waznisuyuiisu (Recycle) vesuaiiyeina Nilagluindy @

Y

Lo

wanA19RINeRnfuiunsidauaiiwainunds (WA, 2016) il Wumnsizdn dndeininensind

ANAATNY LU NINAENBUTININ (Sludge) Nils1NBWNTH9Y (Verstraete & Vlaeminch, 2011) #30

9
v v ] (%
a

o Aa (v o v & ) 9} v va 3 = ) ya a i [l o a 3 <
Wnlaraenistndafanusadinduanldlnidladnasa Jeiliduwinnudnlvdissyindndetudu
n3ne1n3 (Resources) NilgauAunuiaziluvaades (Waste) idostdndnsely dusuindeyuou
& | =~ ~ Ao w ' v

1w WU Nnezneudinmisinesdfny 1w s19emnsiulasiauiouay 2.5-5.0 La¥s19eIM13
WeoavlesaegTovar 0.5-0.7 %qmmmﬁmﬂ%ﬂuﬂaﬁm%’umsﬂqﬂﬁﬂﬁ (Tyagi & Lo, 2013) vinliian
nsldmsnenssssudunldidulewnd Tnaanzieanssatudusigemsiliawisadunsizi
Fuunlnilauagdogodedndalusssuyid ilinsvyuiswensigeimsmwaiidainundeunldlng
I3 I3 d' 1 cgl} gj sg Qy nzl' 1 o Ly} Y @ -3 (9] v 1
Wulsewunuraulaluvaed uananiy dnneikiunsinvakalnaiuisatiinauunlauselevulual
16 awnsaandgymiingfvesnisuiauaauiilasnaie a1nUssiiufinaiandedu syuuirtnunde
Tudagtulunquussmanimuinaidadunisirdaundeieinindenduanldlndwas nsyuiey

NSNeNSIUULESNaUL b LA

enmuRllushistuuh BpUED0pS B
mAQ:0usenN maAQ:ousen

— Usumsth o
owinuun 1Bmsla o

tira @8 mAn:3uoon 4,167 aw auv..
pORN Lhs:uie

EEC 2,419 aU avu.

uvows: 29 28 1.78 0.34

nuoouailna 21 d s e QoINS 1,456 aw auv.u.

us:ias 79 Xl
Baus 469 awu au.u.
noNNSIEl

seelo0 494 3w av.u.

fiun : nsusaus:mu

naovlrni

Al 1.2-1 Yayaanunsalinludminvaysuarszees (Useyvdgsne, 2563)

1-4



v v 1
o 1 a v

dwsunisiuanenauanldivadtu aunmessindeslinunimunfiewesanisly

9

Uselowiily anninirfianauisaiindululdlndlavesnguanamelsuussian A guaiuise

q

A A o

Wunlddmsuugniiwnidiluuilaale desinnnududu BODs Weunin 10 fadniusedns voduds

WUINARY TSS owunin 10 dadniusiedns mnuyuieundn 5 NTU uag £ coli Wosnin 10 cfu/100

v v
o 1 1

mL (Alcalde-Sanz, L. & Gawlik, B.M., 2017) @mmmaqmﬁqﬁﬁmﬁwm’]ﬁ Wwu Usgtan D d@w1sn

& A Ay

induanldlunugnainnssunsevgniivdug Aldlddmsuuslaala w@add n1yauied uazaue

(2545) latunde Unisanssuuiiinrusu Unileansyuulewed (Activated Sludge) waginyiaann

UaLne1n1A (Aerated Lagoon) umaaadmizUaniiy laun 417 fnazil nena1ud uwazaenue

(% '
= =

awed luasUfuRnisuasiunnunsnssuase Inelinsussidiuransenuaunisuuloukashanma

v v v (%

71719NNSNYAT WANITNAADY WU UNTNaNNT2UUIUALLASLUULBLRALATUBRNNAL UUanA 8N
2z LU EASNISY Handniianulasnisannlanenintasnens Juansenunadanaauly

WHNAIIIINAT IFUIRNUTTTUYIR NANISNAABILUNUNDIY LNEATNTINEIUI WRARNARANINUIUIAA

v v
a =

MNSTIUYIALUNITINIEUgNT1 fin wazaenueaneasingldiinennssuueed NNaNISANYT 11

v v

Tldeauufgiuin vintdhiminunmanuuinsgiuiinaienisiinauanldindlunsineUgnld

(%

UszAuuasnssaliinmisdaniieiesyuulalasiulindluszuulsasaudaniosniinsldundium

(% '
a A = 1

11N Wsenniiainunmaaninil AaganunsadumnzUgniveildlunisuslaald viliiAanadse

9

NsRAUIMIALATYERamIua lUAuNsaUSN NI NeINIsTTUNIALaTAwIndeunelATEUULATEEAT
N NG RN R FEMES TR}
Poatvayunildlumslddinsunisinnyasnssutufensiuywdldvesdentuaesonunly
PN a a = = I Xa Ao o 4 ] a o a A A
nsiiunssyulavesiy lnsluvendumaiidmdidganlunissainisasybivinvesiivfie
a K a = ] =t ¢ v & 4' |
ansBuniduaransetuvsdlundululasiau Fanuunnlulaansvesyeduazdnd lnelegndesaniy

lnguuaiiseasiinnisvanUaesuesluilsoanuuardinaunlifisUseasd Feluanududuiasas

(%
[ YY)

dealisiniigdenels wazaielunan duiulunisugniivadelvdiedddenldvenduainuyud

q

o

Inganzdaasmaglignudneundie egndlsinmuasermamanidamulalutnianyguy uiuin

£%
a o w o =

3INN8oEaA1eueIRaUNTE N1sUiUauLdeaININTY Ao N1sidnans il ssasddmsunywd

a o

d‘ o qoj L% a d' 6 1% v
faifdunsudaunldlunisaulnanazuslan waziouselovilunisshwianinwinday

—

[

SyuradalaeanuinsgruauniniinsguieiAulilssuan amnssukasyusulaes ol

<9

nelmiinuafivoandunaiiasisae lagMnuaAIIATgIuYeENsi1ee viateyia o1y lany

1-5



Y

wiln paesu wazlulasiaunisue Wudy JahfikiunszurunistidaiuiinisauauaunIntane

[
[y [y

sevtufuTsimdulUlislsmdsanvlade Wy Suduiduiiazsdlvldihlssddesdingie
Usnadwfen wazeaaonsiosedddiviniududuiu
Tunsndufuarsduniduaredunidluiiiondrd varsedaduarsifivdosnis wu
Tulnsiau veaesa WWusawdey mdn upaleu wuniifey wazarsamuaunissayivlaiivdnnane
yiafidunandnainnisdesaatsvosqdunis luvaziivarssdndnasudainiaaiyivlndy wu

Today Tvdu wazlaveniin Wusdu daulunszuiunmsihuideangueunduanldlunisinunsiuds

[ = o H 4 [ v &V v 1 1% 1 14 = =
LUULLU’JVI’N‘VI‘US‘H’]H’]LL@SE‘I’]T@W%WiiuuqﬂaﬁdNﬂiﬂjﬂﬁziﬁsﬁu‘l@@EJ’N?’]@JV'W TagReadin1sAnen

v
Y] o 1 [d o o

nszUIUMSHazTEEzafildlunsitaideUiinaaisemisuazussnisududmiunis
Wsiulnvesiinlud Weusudsnaamsidudmnsesyiulfivwazarsiidinavlificsyacd w
arslungululnsiau Jedsldszoznannunadifloondiauazgnivdsulaeqaunididunonluieuas
sunwoonly Turnefilnunaderasiuiumussssnaiflflumstinniedosaaemnadusigi
avanethldd e lWldsesufivmngadlumsdanldlmAnysslovigaamninnenssely
delannsalfuasmuguinazaiuaunisuaniildodadussuy ssuunsgniisuuy
lalnsluiind (nwdl 1.2-2) anunsadanldmugluiuszuulsaieusaniosfiaunsamuauaniie
AruduLarUsuAuduturesansazanes e siiald (amdl 1.2-3) deldemiuszuuiiasey

AU SEUINNSUNTRgRLWR Inelinsiesenusinasinomnskaslaneniniiiy 9y

lvidUsznaumMsinensuselamnaguyuansanaaiivlalaglininensiegegednnn lnsane

1%
a

nINEINILIITULAENINENT FeazauauldRnimsldiy mseiuiifafuiiiuiussdmal i
sumpaanllinnndt uarauliaiiauevesiurrdsmaliAnnsguihilivih furesfinusazsurin
Tiensonisinsgiviinaniiidesns dduegfuriavesiivitugnludntiadonds iosniivusas
yiafinmsmetlivihfussndsluaunsmusumsta-Uavestinlu aueesuinly uazuiaves

510 Wudu

1-6



Plant Growing media
Distribution
plpe ;\:\\ ,&‘ 22 //' S _\;\-ﬁ\ //' . i:\‘\ / ; ?
: % 4 Z
™~ P -~ % - / ~Y
\ \ ‘ Pot
Rt :

R

{9

& 7Y
A

Pump

AT 1.2-2 ssuutgnlalastuinduuuindeulagsinduun (Deep Flow Technique; DFT)

(Maldonada et al., 2019)

Watertank

QOver flow
Container pipe

Nutrients

1

rrrrr

I Vlriouter

I\as
' /

. © /A

loT sensors
pH
Temperature
Humidity
TDS, EC, Water

§ ! Android app
| Controller

o !
:‘TM Data

virtualization
= X '

- SO S
Water control B ol e ;
Solenoid valve,
Nutrents fontrol, ‘ Prediction model for ’
watering

plant disease

Level, Pressure |
Ligth radiation \

Hardware flow

‘ ‘ Software flow l

Al 1.2-3 szuuignlalasluiindsaaiozuuy DFT (Maldonada et al, 2019)

¥
¥ o

fwnesihunldluszuulalasiuiindnldurnrunisirdaanundeyuyudy lunmgudis

ansadgnivlavnuda uilunelgofguslanasiinanulddulalunsuslaaivnugnluiiiniu

& A a o = A

msUln seiurilevesiismdenugnaisilufiviisinnas dnainsesiu warlinuaduuenuiienin

Y 9

msUgnltiidulivsedv madennisfelivszauroneinia wu wsegisoulu wsugidouusn uin

1-7



NI WR1e WINAWNENE Wuvuun ARWINESY walnun waBula ndnusne Adnwitate

AEIUNE WazlATI® Fedlenddefuandifiuinliussdumarifauaniilunmstinduazeasii
Judouluoinie Ingianziuazonafivdy 2.5 (Cao et al, 2019; WINT LRBLITEY UAZ ITTUING UAN
nas, 2563) Ingfiwifinaaudidinanasdiuiiineey fvu fdlRaedounun esiiingn duanly
yualngiuagiidiuauinn (il 1.2-0) egnalsfino fawfirivvarsviinaeiinuantiia udines
Widuladh fdunsiaunisugnlissiulenanmaszulelasluindluls Sousalutfazaag

TianusadaszianuAuanliafisuiuuszansanlunisirdaduidy 2.5 uwasussinainlunis

duUsnaielfduwnislunmsmnzidedivssauranomeansenssaliunluszavanamnssulu

¥
o a 1

auAn Feazilunisadnenelaniunszuaunisininfidiunisundn (wiswghamyuideu) unldluns

£

HARNYLAAIE (1AT¥TNATININ) LiNeTIwduaTUANIMKINRBNNATY (WTWgNadled) munsou BCG

bUUATUINRT

lnailafnwsmeainvedliuseaunenaniauiesiin (NUAIUS 2564) WUl AULATHRLSU

TunagduasygiseuuenuuIalunIng 1.2-4 I51019mnesaus 25 - 100 ULn/fu- Aungeng d51a0

v A

TWUILAIUA 35 - 50 UW/AU AULAINIQYIUIETIAITIMUIEAILE 30 - 100 U/eu Tagldiuszaui
fisranadutagiu’ ldun duseuanesh v3e wadn vise wauan (Monstera deliciosa) waglilanslu

NAUBUY (MW 1.2-5) Fadlsrmdmdieiaann laedsimdmuislunaiasaus 1,000 - 1,000,000

Y

(%
o

U (i 1.2-6) Al liseaulunguilledidnenmlunisiauiedgnlussuulsaseudaasey

Tnglduiniunmsidn waganunsaasiselalinuguseneunisinunsiaulalaluewian

" fuddeihmneglumsiawszuugndmsulivssaunisaundunguliiindutagtu warliivsedulungulivionainia lnsianie
PM, s Beluempnaziluiidesnisvewanudlivssduyaaguznunaudovadluudy Wosmndym PMys iulymseiund uay
2 Ao o o £ ~ v & ' o & ao & g
dulgmiimdmianusuusunsglussezinm 10 Iihwmihddwansgnudeguamveslssnvulagnss duiulasmsidetesdu
sulifulasansmaimwssuudgnliivseaunenainia PM, s Tutlagdu dddueunanaginislldludu TseSeu uaglsmenua
o & - > ¢ 3 v Y Y] A v o v vy & a
AauguruvsanwasnIaansaliusslesianiasinisilaensugnlilssdunenanmadmariiiedeeliiugnanld (ugsfanuns
adelval wuigiunaianssadliiinldlunsussivguantetagiuliyadinianisnaingegudy uazanunsaldszuululasanisiign

wysaldiliiguiy S livsyduneanansmannuionluudina

1-8



i 1.2-4 fregaliuszaunenanniaiasyiulaluszuulalasiuiing loun waane (Uudhe) syl

Seulu (Vunany) wazuiinigyaw (Luvn) Mugnanelue1ns (@19918) wazn1euene1As (619937)

AR 1.2-5 fregalduszAusiags lawn duteuanes i (o) sungaana (nane) uagld

UszAuaatinaue) (377)

1-9



woudiaos [Pum

Monstera Obliqua

00

uin/Tu

uoudInOSY Lun

Monstera Mint

120,000

vin/Tu

wlaiauasou sl aovln ao

Philodendron Rojo Congo Variegated

140,000

uin

wanaemv

Monstera Adansonii Variegata

100,000

uin/Tu

wlaiauasou Mmuduao

Philodendron Bilitea Variegated

20,000

uvin/Tu

IdUKDUNSMATD

Homalomena cf.aromatica (spreng.) Schott

125,000

umn

AT 1.2-6 51@ﬂﬂﬂizﬁuﬁﬂ\iw%LﬁﬁJuﬂjﬁWiNG] (https://www.facebook.com/ThelLuxuryProjects/)

1%

dmsuszuvintaundeUssinnuilanlasuanuaulalulagiunaiuisavrdaundsaula

v v '
o =

Aaun i ianduluauuinsgiuiisazanunsadanldlunisfmineinseenunanundsls e
5%UU Moving Bed Biofilm Reactor (MBBR) A3n1nw# 1.2-7 lagszuu MBBR lddinarafuacluds

Uffseniieliuuafisensseguuiiafnarsnateidutululefldu (@degaard, 2006) fanaiamant

aaa v

wruasgegludaUfisesgisnsiuennia wsenisniunauslglunumanaluanneildldeinia

v
v a

ylviszuu MBBR fuwuailisevisuuukiuasstazkuululafduyinausiudu 19l ssuu MBBR 1u

1% 1%
v a

o v o o da v o & Ay ad A ° ° ° o !
szuuiUnundeniivuiansinge Tdnuntes TnunRdumzdwunindmiunsaelounadas
nudsludatululeldy sesfuniseussnnansdunsd (Organic Loading Rates) 1109 A

szgznaniuinnawacmans (Hydraulic Retention Time, HRT) Wowq 16 uazdailildnanimings

Y v
a

Nnoneae (Leyva-Diaz et al,, 2014) agslsinn walulad MBBR JdulUdonassuuiniiiesain

o & v a a d' 1 a Yo [ o aaa v
7\]']L‘Uu@]@ﬂllﬂ'ﬁl,mll@']ﬂ']ﬂLW@iM@@ﬂ‘UL"UULLﬁSiMGDﬂa']QLL?JUU@@EJ@%IUOQTJQﬂ?EJ”IVL@

1-10
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MBER in whole reactor
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